Introduction
The incidence of childhood cancer has been increasing nearly one percent per year for the past two decades (1) . This increase is largely unexplained, but exposure to environmental chemicals is a concern. Because the workplace is an important source of environmental chemicals and these chemicls may be inadvertently transferred from the workplace to the home, special attention has been paid to the relationship between parental occupation and the risk of childhood cancer.
Savitz and Chen (2) reviewed the literature on this topic in 1990. Their review covered 24 papers and focused on the methodologies used, the findings for specific occupation/cancer combinations, and the need for further study. The body of literature has grown considerably since then, with twice as many studies published to date. This review takes another look at the relationship between cancer in children and the occupations of their parents.
Methods
Forty-eight published epidemiologic studies were reviewed for this paper, 22 of which were published subsequent to Savitz and Chen's review. These studies provided relative risks for over 1000 specific cancer/occupation or cancer/exposure combinations. To sort through this welter of data, our first step was to create a database tracking each relative risk and the occupation, industry, or exposure to which it applied, according to the author. We then combined occupations and exposures into categories to facilitate the analysis. For example, we created a category called paints and pigments and included findings that authors reported for paints and pigments, painting and printing occupations, and the newspaper and printing industry. The reader is cautioned that occupations grouped together because of a common exposure may have overlapping exposures to other potentially carcinogenic agents.
We then developed a set of criteria to identify the most promising leads for evaluation and further work. We focus only on a) findings that pertained to a specific childhood cancer as opposed to all cancers combined, b) cancer/occupation/exposure categories with significantly elevated relative risks in two or more studies, and c) relative risks based on two or more exposed cases. For cancer/occupation/exposure categories that meet these criteria, we present all the relative risks reported, regardless of whether they are excesses or deficits. Along with each relative risk, we also present the number of exposed cases to provide an indication of the power of the study to detect a significant association.
Because we are interested primarily in potentially hazardous occupational exposures, we have chosen not to report results for occupations in which hazardous exposures are unlikely, such as professionals, sales workers, and clerical workers. Savitz and Chen pointed out that some studies have shown elevated childhood cancer risks for these occupations and attributed this to effects of high social class rather than to chemical exposures. We have excluded findings related to pesticides because these chemicals are evaluated in another paper in these proceedings (3) . Finally, we do not report results for broadly defined occupational groupings (e.g., manufacturing, service occupations), as they lack the necessary precision to identify specific exposures deserving future attention.
Results
Overview ofthe Studies Virtually all of the studies employed the case-control design. Exceptions were a proportionate mortality study by Sanders et al. (4) and an investigation of a possible cancer cluster by Wilkins et al. (5) . The majority of the studies (about 80%) were incidence-based (Table 1) . Although most (34) and Vianna (33) (8) ; employment at a electronic components manufacturing plant (5); and electrical repair workers (9) . A number of other nonsignificant associations with possible EMFrelated jobs have been reported. Brain cancer among adults has been associated with employment in electricity-related occupations in a number of studies (10) .
Paternal exposure to paints and/or inks has been implicated as a risk factor for childhood cancers of the nervous system in most investigations that have evaluated this issue (9, (11) (12) (13) . Many relative risks were statistically significant and several were quite large (i.e., 5.0 or larger). Brain cancer in adults has been associated with solventrelated occupations (14) , and many solvents have nonneoplastic neurobehavioral effects (15) . It is interesting to note that in the study by Wilkins and Sinks (16), brain cancer risk was elevated among children of fathers occupationally exposed to certain aromatic amines that have been used in some dyes and pigments.
In the earliest study of parental occupation and childhood cancer, Fabia and Thuy (17) noted a significant 3-fold increase in deaths from nervous system cancers from parental occupational contact with HCs. Many others have presented results on this exposure, with significant excesses observed in two studies (6, 18) . However, the finding by Gold et al. (18) was not consistent for different control groups and the authors concluded that the study did not support such an association. For six other studies (4, 13, (19) (20) (21) (22) , the relative risks for nervous system cancer and parental occupations with potential hydrocarbon exposure were unimpressive. Many of the relative risks were less than 1.0, and those that exceeded 1 .0 did so only slightly and the differences were not significant. Exposures in this grouping of occupations are quite varied in terms of the specific chemicals and levels involved; thus an inconsistent pattern of risk is not surprising.
Paternal occupations and industries associated with metals were found to be significantly associated with brain cancer in two studies (7, 16) , but studies by Kuijten et al. (9) and Feingold et al. (22) showed little evidence for such an association. Metals generally have not been associated with the development of brain cancers in adults or in experimental animals (10) .
Paternal employment in motor vehiclerelated occupations was significantly associated with childhood nervous system cancers in two studies (17, 23) , and two other studies had elevated relative risks but small numbers of exposed cases (16, 24) . However, most studies that have examined these types of occupations have not found an association (7, 9, 12, 13, (18) (19) (20) 25) , with relative risks typically less than 1.0. Adult brain cancer generally has not been found to be excessive among various motor vehicle drivers (10) .
Four other paternal occupations/ exposures were named as promising leads for further study of childhood nervous system cancers by Savitz and Chen: the pulp and paper industry, the chemical industry, the petroleum industry, and ionizing radiation. The pulp and paper industry was examined in three studies subsequent to Savitz and Chen's review, with odds ratios (ORs) ranging from 0.8 to 5.0, none of them statistically significant; the prevalence of exposure was low (9, 16, 25) . Two recent studies of the chemical industry found elevated ORs (9, 23) , one of them significant (23) . No association was found in a study that combined chemical and petroleum refinery workers (9) . Only one study of ionizing radiation has been performed since 1990 (9), and no association was found. 
Leukemia and Lymphoma
Significant associations have been found in multiple studies for paternal exposure to solvents, paints and pigments, motor vehiclerelated occupations, and ionizing radiation ( Table 3) .
The evidence for an association between childhood leukemia and paternal exposure to solvents is quite strong. All five of the studies addressing solvent exposures have reported positive associations. A number of the relative risks were quite large (i.e., greater than 3.0), and despite the small number of exposed cases in many of the studies, several were statistically significant [solvents in general (27) , chlorinated solvents (28) , and benzene, carbon tetrachloride, and trichloroethylene (TCE) (29)]. Buckley et al. (27) found a significant trend by duration of exposure for undassified solvents, but could not identify with confidence the specific solvents associated with acute nonlymphocytic leukemia (ANLL) risk. The association between childhood cancer and solvents is an added concern because benzene is a well-established risk factor for adult leukemia and other solvents are suspected leukemogens (30 (12, 32) , mechanics and gas station attendants (17, 27, 33) , and broader groups of motor vehicle-related occupations (18) . In their review of leukemia, Linet and Cartwright (30) suggested that the link between motor vehicle occupations and adult leukemia may be due to benzene and other components in engine exhausts.
Ten studies have examined the relationship between paternal exposure to ionizing radiation and childhood leukemia/lymphoma. For studies that provide results for leukemia alone and for leukemia combined with lymphoma, only the leukemia findings are tabulated. Although the earlier studies found no significant association (27, 31, 34) Unlike the nervous system cancers, a variety of maternal occupational exposures have been found to be significantly Not independent of observation for benzene, wood, and radiation.
(Continued) associated with childhood leukemia, induding personal services, textiles, and metals (Table 4 ). All four studies that looked at mothers employed in the personal services industry found significant associations with childhood leukemia. The specific occupations held by the mothers, however, were heterogeneous. In Lowengart's study (28) Three of the four studies that presented data on the textile industry found significant risks for childhood leukemia (31, 32, 42) . Numbers of exposed cases were small, but relative risks were large. This lead could be especially important given the large number of women employed in the textile industry in many countries. Only two studies addressed maternal employment in occupations likely to involve exposure to metals, and both found significantly elevated risks (27, 43) . As with nervous system cancers, Savitz and Chen suggested that additional study is needed for leukemia and unspecified chemical exposures among mothers, but no additional studies have taken place since their review.
Urinary System Cancers
Savitz and Chen did not point to any specific paternal exposures warranting further study for urinary tract cancers and only one study of urinary system cancers has been published since their review. The only exposure with a significant finding in more than one study is HCs ( (44) ; and for renal cancer and education, health and welfare, health departments, and practicing dentists (23) .
Discussion
Although several occupation/cancer combinations are intriguing and clearly deserve further attention, the evidence for any association falls short of certainty. The strongest evidence for an association between fathers' occupations and the risk of childhood cancer is for exposure to solvents and paints and the risk of leukemias and cancers of the nervous system. These associations are biologically plausible given findings from experimental investigations and epidemiologic studies of adult cancer (49) .
For nervous system cancers, the evidence is less convincing for other paternal occupations. Despite the large number of positive findings in EMF studies, investigators have hesitated to conclude that the association is real. The biologic plausibility is uncertain (25) and the findings are inconsistent for direct exposures to children as well as adults. It is also possible that positive findings are indicative of exposures other than EMF in these occupations. Employment in the electrical or electronics industry may entail exposure to various chemicals including solvents, soldering fumes, epoxy, phenolic resins, polychlorinated biphenyls, and metals (beryllium, nickel, lead, zinc, platinum, tellurium) (7, 8, 25) .
Epidemiologic studies provide strong evidence for a link between childhood leukemia and paternal exposure to solvents. This is consistent with other experimental findings and epidemiologic studies among adults (49) . Children may be exposed to solvents that their parents bring home from the workplace on their skin or clothes, or from their exhaled air. Chlorinated solvents have been found in the exhaled air of workers a number of hours after exposure, and perchloroethylene was detected in the breast milk and blood of a mother who visited her husband daily at a dry cleaning establishment (28) .
Painters, printers, and workers in motor vehicle-related occupations, which are fairly consistently linked with childhood leukemia, may have occupational exposure to solvents. Painters are typically exposed to a number of different solvents (28) , and workers in motor vehiclerelated occupations (mechanics, gas station attendants, drivers) are exposed to gasoline and gasoline exhaust, which contain benzene (22, 29, 43) . However, these occupations involve exposure to a variety of other chemicals as well. For example, gasoline contains dichloroethane and dibromomethane (12) , and the particulate fraction of exhaust fumes contains aromatic compounds such as benzo [a] pyrene that are capable of producing tumors in lower animals (33) .
Although there is strong evidence that children directly exposed to ionizing radiation are at increased risk for developing leukemia, the evidence for a link between childhood leukemia and paternal radiation exposure is weak. Gardner et al. (35) were the first to report such an association, but the elevated risk among Sellafield plant workers was found only among those living in one particular villlage. McKinney's study population (29) (2) .
As with studies of adult cancer and occupation, as the number of studies and comparisons increases, the number of significantly elevated relative risks that are due strictly to chance also increases. Evaluation of consistency across studies, however, tends to address this issue. A false impression of a positive association could also arise because of selective reporting of study results by authors. In each of the 48 studies reviewed here, it was possible to evaluate childhood cancer risks from parental employment in numerous occupations and from exposure to a variety of substances. Only a small number of these comparisons, however, is reported in any paper. Thus, selective reporting is occurring. It seems reasonable to assume that authors may tend to preferentially report positive findings. With such a bias, the literature may appear more consistently positive than appropriate.
Despite these limitations, epidemiologic studies have provided sufficient evidence that certain parental exposures may be harmful to their children. Paternal exposures to paints (nervous system cancers and leukemia), solvents (leukemia), and employment in motor vehide-related occupations (leukemia) clearly deserve further study. To more clearly evaluate the importance of these and other exposures, more sophisticated assessment approaches need to be employed in future investigations. Improvements are needed in four areas. First, more careful attention must be paid to maternal exposures because of the potential for transfer of chemicals to the child during pregnancy and nursing. Second, studies must employ sophisticated exposure assessment techniques capable of developing quantitative estimates of specific chemicals. Third, careful attention must be paid to the postulated mechanism and route of exposure. To the extent possible, exposures should be assessed specifically for the preconception, prenatal, and postnatal periods. Finally, if postnatal exposures are evaluated, studies need to provide evidence that the exposure is actually transferred from the workplace to the child's environment.
